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Energy utilization and growth are regarded as important biological indices to interprets 
effects in tl rganisms. In this investigation, an attempt is made to eluc 
the effect o I concentrations, on the energy conversion and growth effia 
of a commercially important 1 hrimp Me dobsoni. J 
exposed to 0.05 and 0.15 mg C animals w 
Animal tissue, faecal pellets a vere analj 
calculated employing a stoichiometric model. Growth rates of ani ntained u 
controlled conditions and those exposed to 0.05 mg Cu 1-I were nc antly diffi 
suggesting tolerance of the animal to low concentration of copper in re media. 
difference: the assirr tes for different treatments were also not statisti 
significant igh variat noticed in the feeding rates of animals exposed t 
heavy met 31s expose igher concentration of copper (0.15mg Cu 1-l) resi 
in lesser growth efficiency. The differences in gross and net growth efficiency were statisti 
significant. It was observed that the energy utilization for maintenance was increased i~ 
case of M. dobsoni exposed to copper. Such enhanced energy expenditure led to reductic 
s nowth. 
Introducnon 
Studies on 1 bet- 
ter understanding or the energy distribu- 
tion for maintenance, growth and repro- 
duction in organisms. Hence, this has been 
considered as an effective tool to under- 
stand the effect of chronic stress from 
pollutants. Since growth is a fundamental 
component of physiological fitness, esti- 
mation of growth rates serve as an impor- 
tant index for analyzing pollutant effects 
(Widdows, 1985). Measurements for sev- 
eral individual bioenergetic rate functions 
like feeding, food absorption, respiration, 
excretion and growth, ultimately provide 
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an estimate of the overall growth effi- 
ciency (Johns and Miller, 198; 
Attempts have been made by several 
investigators to study the bioenergetics of 
marine organisms. However, informa- 
tion on the energetics of crust is 
limited and study on energy buc id 
growth as indicators of stress errecrs in 
s imal. J c  er 
(' mergeti te 
the mechanisms of pollutant toxicity in 
crustacean larvae and reported 11 to 27% 
reduction in the net growth efficiency. 
Additional studies on the energetics of 
penaeid shrimp are those of Sumitra- 
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Vijayaraghavan et al. (1981) on 
Metapenaeus dobsoni and Bautista (1986) 
on Penaeus monodon. Reduction in growth 
as a result of copper toxicity has bt 
reported in P. japonicus (Liao and Hsi 
1988). Liao and Hsieh (1990) s t ud i c~  
toxicity of copper, cadmium and zinc in 
juvenile Macrobrachium rosenbergiii and 
reported conspicuous reduction in bc 
growth and survival. A few notable c 
tributions on the adverse effects of cop1 
on the 1 
are on 
and Davririiu \~~dndravandian a d 
Venka t, 32). 
Toxic e .en 
demonstrated in Holmesimysis cost 
(Martin et al., 1989), Artemia salina (I: 
and Latheef, 1989), Balanus eburneus (Mi ,-, 
and Weis, 195 
(Maund et al., 1 
(1988), Giudici et al. ( l Y 8 8 )  and LIUL~., 
and Guarino (1989) studied copper toxic- 
ity to crustacean isopods Asellus aquaticus 
and Idothea baltica and observed sigrufi- 
cant reduction in body growth as a result 
of chronic exposure to the heavy metal. 
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Material and methods 
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for 15 days at room temperature (28 * 
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nts, the shrimp (both control and copper- 
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separal 
!d wale] 
- L a - -  
siphoned out and collected 
every 24 h, washed in distille 
remove salt and dried at 90°( 
nd net growth efficiency were calculated 
~llowing the balanced energy equation 
,on- of Winberg (196nl. Growth per unit of 
znd ir h 
5s- ei d 
tilled water and dried to a constant food as the net growth efficiency 
weight. During the experiment, when the (Widdows et al., 1980). Assimilation and 
rate of mortalitv exceeded 70% that ex- erowth efficiencv were calculated after 
1 f 
ie 
UI aeldiluItl 111 UIIC u1 ille reyllcaies ul r i le  organic caruun rractlun m asn-rree vlurn- 
control of the second experiment ass, wc [(g organ I- 
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less than 30% (3 animals / replicate), the 
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weight. Mortality of 4 animals was re- 
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,JU; gross growth efficiency (%) = r / C  
x d net g !fficiency (%) = 
P, D; when od consumed, A 
= food assimilated and I' = weight gained, 
in terms of energy. Means were calcu- 
lated from 3 replicates. To test the signifi- 
ca e 
cl lt 
levels or copper treatments ana tne reeas, 
S 
n 
between the means was carned out by tne 
Least Significant Difference (LSD) method. 
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furnace (590°C). A stoichiometric model 
(Gnaiger and Bitterlich, 1984) based on 
the CHN composition of the organic dry 
weight was used to estimate the calorific 
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sidual water fraction of 0.06. Perci 
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Results However, the differences in the assimila- 
Mass fractic nd 
organic fraction t; ,W) of t~aauc, leed 
and faec er of Metapenaeus dobsoni, 
exposed per contaminated culture 
medium and fed on fish meat or clam 
meat, were estimated and the energy 
contents (kJ) of feed consumed and as- 
similated were calculated. Total energy 
content for the tissues of the control and 
the copper-exposed shrimp showed varia- 
tion. Copper-exposed animals normally 
had decreased energy content. Carbon 
content and calorific values of the faeces 
tion efficiencies among treatments were 
not statistically significant. The mean 
percentage assimilation was 96.45 in the 
control group, 94.59 in the low level and 
96.73 in the high level copper exposed 
shrimp. The levels of the toxicant in the 
culture medium adversely affected the 
final tissue weight which was reduced 
from 15.62 kJ in the control group to 15.24 
kJ in the shrimp exposed to the lower level 
of copper and 11.53 kJ in those exposed 
to the higher level of copper. Thus, varia- 
tion in the growth rate between the shrimp 
:a1 matt 
to cop 
were uniformly reduced. The mass frac- 
tion of ash in faeces showed little varia- 
tion between treatments. The first ex- 
periment was performed exposing M. 
dobsoni to 0.05 and 0.15 mg Cu I-', feeding 
the animals ad 2i n fish meat. Rates 
of food consum] d assimilation and 
growth in terms of energy were estimated 
at the end of the experiment. Food con- 
sumption was reduced in the group of 
animals exposed to the higher concentra- 
tion of copper, the mean value being 48.63 
kJ as against 54.45 kJ in the control group. 
kJ) 
-05 
mg Cu 1-1. 1 he energy equivalent of faeces 
was also maximum in the low level cop- 
per exposed animals, it being 3.04 kJ as 
against 1.93 kJ in the CI kJ 
in animals exposed to -1. 
Thus, in the low level copper exposed 
animals, a porti y was lost 
through faeces . ;e exposed 
to 0.15 mg Cu 1-1, food assimilation was 
more thereby producing lesser faeces. 
ibitum o 
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Fig. la. M. dobsoni . LrrUsb gruwrn rjj[urnLy\ [o) 
when exposed to copper and fed on fish meat (1: 
control, 2 g Cu 1-', 3 : 0.15 mg Cu I- ')  
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Fig. lb. M. dobsoni : Net growth @ciency (%) 
when exposed to copper and fed on fish meat (1 
: control, 2 : 0.05 rng Cu 1 - I ,  3 : 0.15 mg Cu 
1 - I )  
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exposed to 0.05 and 0.15 mg Cu I-' was 
much higher than the variation between 
those exposed to 0.05 mg Cu 1-I and the 
control group. ;ult the mean gross 
growth efficier lined from 12.87% 
in the control grvup ru 11.85% in the low 
level and 5.96% in the high level copper- 
exposed shrimp (Figla). A similar trend 
was noticed in case of the net growth 
efficiency also where the values declined 
from 13.34% in the control erouD to 
12.53% and 6.' the low 
high level  cop^ sed shri 
tively (Figlb). ~na lys i s  of trle results 
showed statistically significant difference 
(P <0.01) in both the gross and net growth 
efficiencies between the control and the 
high level copper-exposed shrimp and also 
between the low and high level copper- 
exposed shrimp. 
The second experiment was conducted 
exposing M. dobsoni to copper and using 
clam meat as feed. The energy contents of 
the feed consumed by the shrimp main- 
tained in 0.05 and 0.15mg C 'ere 
comparable. However, the rr sue 
weights gained in terms of energy were 
21.42 kJ and 16.00 kJ, respectively. Loss 
of energy through faeces was higher in 
the 0.15 mg Cu I-' group (5.46 kJ) versus 
2.93 kJ in the controls and 2.76 kJ in the 
0.05 mg Cu I-' treatment. Mean values 
obtained for the gross growth efficiency 
and net growth efficiency in the treat- 
ments and the control are presented in Fig 
nen the mean 
ranged from 
rb.uuv/o among the different groups, 7 
ues for the gr wth efficiency 
f sm.av. 
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Fig. 2a. M. dobsoni : Gross growth @ciency (%) 
when exposed to copper and fed on clam (1: con- 
trol, 2 : 0.05 mp Cu- I-'. 3 : 0.25 mP Cu I-')  
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Fig. 2b. M.  dobsoni : Net growth efficiency ( A )  
when exposed to copper and fed on clam (1 : 
control, 2 : 0.05 mg Cu 1-', 3 : 0.15 mg Cu I-' 
- 
:u 1-' w 
lean tis, 
clined from 20.1% in the control to 19.74% 
and 11.93% in the shrimp exposed to 0.05 
mg Cu 1-' and 0.15 mg Cu I-', respectively. 
Thus, growth in terms of energy was 
reduced in the shrimp exposed to 0.15 mg 
Cu I-'. A trend of decline was noticed in 
the case of net growth efficiency also, 
where the values decreased from 21.17% 
in the control g 3 20.55% in the Froup tc 
to the shrimp exposed lower level and 
12.93% in those rnyva~d to the hieher 
2 (a & 
assimi: 
n/ ,.n- 
b). W1 
lation 
values 
92.24% 
lvel of c 
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opper. Thus the results 
I% reduction in both 1 
nd net growth efficiencies in the shrimp 
(posed to the higher dose of copper when oss gro 
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compared to the control group and those 
maintained in 0.05 mg Cu I-'. Analysis of 
the data showed statistically significant 
difference (P <.01) in both the gross and 
net growth efficiencies between the con- 
trol and the high level copper-exposed 
shrimp and also between the low and 
high level copper-exposed shrimp. 
growth efficiencies of the control group of 
shrimp. The mean gross growth efficiency 
increased from 12.87% in the shrimp fed 
on fish meat to 20.1% in those fed on clam 
meat. In the case of net growth efficiency, 
the increase was from 13.34% to 21.17%. 
The effect of feed type was noticed in the 
copper-exposed shrimp also irrespective 
- - - 
A study of the data clearly showed the 
influence of feed type on the growth rate 
of Metapenaeus dobsoni. The shrimp fed 
on clam meat showed a better growth 
rate when compared to that of the shrimp 
fed on fish meat. Fig 3 (a & b) shows the 
effect of feed type on the gross and net 
of the concentration of the toxicant present 
in the culture medium. In the low level 
copper-exposed shrimp, the mean values 
for the gross growth efficiency were 
11.85% and 19.74% and those for the net 
growth efficiency were 12.53% and 
20.55%, when fed on fis ~m ;h meat and cla 
- 
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Fig. 4b. M. dobsoni : Effect of feed on net growth 
@ciency (%) when exposed to 0.05 mg Cu 1-I. 
Fl : fish meat, F2 : clam 
Fig. 3b. M. dobsoni : effect of feed on net growth 
@ciency (%) in control animals. F1 :fish meat, 
F2 : clam 
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respectively (Fig 4a & b). In the shrimp 
exposed to 0.15mg Cu I-', using clam as 
feed, also the mean values for the gross 
and net growth efficiencies (11.93% and 
12.93% respectively) were much higher 
than the values (5.96% and 6.16% respec- 
tively) for those exposed to the same con- 
centration of copper but fed on fish meat 
(Fig 5a & b). Thus the differences in the 
growth efficiencies noticed among treat- 
ments, were controlled not only by the 
heavy metal concentrations but also by 
the type of feed administered. 77.0 mean 
differel the gross and wth 
efficiencies with reference to the variety 
of feeds for the shrimp belonging to the 
control group and those exposed to the 
different levels of copper were found to be 
statistically simificant (P <0.01! 
Discussi 
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M. dobsoni in this study were comparable 
those reported for the juveniles of the 
pecies by earlier workers (Sumitra- 
'ijayaraghavan et al., 1981). Though the 
nimals under stress from the toxicant 
howed comparatively higher consump- 
I L _.a -. 
M En tion of food, this was not followed by 
m 
equally efficient assimilation. However, 
the Dercenta~e assimilation efficiencv was 
I~ - - u -  ~ 
Fig. 5b. M. dobsoni : Effect of feed on net growth fairly high and cc @ciency (%) when exposed to 0.15 mg Cu I-'. 
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good rates of assimilation efficiency no- 
ticed in the shrimp exposed to copper, 
however, were not accompanied by en- 
hanced growth rates. tion in the 
rates of gross and net efficiencies 
in these animals clearly indicated utiliza- 
tion of more energy for mainten .der 
stress from metal toxicity. In a slrnilar 
.ges 
I to 
U.UL mg LU I-' snowea consiaeratxe yo- 
0.15mg Cu 1-' resulted in highly reduced 
growth efficiency. Liao and Hsieh (1988) 
examined the toxicity of copper, cadmium 
and zinc in Penci ~nicus and found 
that growth and I . of the shrimp in 
the test group were significantly lower 
than those in the control group. Maxi- 
mum accumulation of the metals was often 
reached after 8 or 16 days of exposure. A 
similar study on the toxic effects of cop- 
rner, cadmium and zinc in juvenile 
lacrobra ~osenbergii also d 
~nspicu iuction in gro d 
survival ( ~ i a o  and Hsieh, 1990). Giudici et 
al. (1988) have rightly pointed out that 
while it is important to evaluate the acute 
)xicity of a pol11 om an ecological 
oint of view the ?ed to determine 
.,be chronic subletnal responses which may 
threaten the survival of a species, and in 
some instances, affect the equilibrium of 
the ecosystem. In the light of this, the 
inference drawn from the present inves- 
tigation that copper interferes with the 
growth efficiency of M. at levels 
far below those that a1 :ly toxic, 
assumes more importan,,. . en when 
the shrimp did not show much variation 
in the assimilation efficiency, the gross 
and net growth efficiencies got reduced to 
the extent of nearly 50% of that of the 
control. However, the effect of feed type 
on the growth efficiency of the animal is 
noteworthy. The present study clearly 
shows that, with the right type of feed, 
the growth rate can be greatly improved, 
even when the animals are under stress 
from the toxicant present at sublethal 
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